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TAWK TESTS OF MODEL 11-G FLYING-BOAT RULL. 

By J. B. Parkinson 

The B.A.C.A. model 11-G flying-boat hull, a madifica- 
tion of N.A.C.A. model 11-9, was tested in the B.A.C.H. 
tank over a wide range of loadings. The planing bottom of 
model 11-G has a variable-tadius flare, or concavity, a% - 
the chines in contrast to the straight V plati%ng bottom of 
model 11-A. The results are given as curves of resistance -.--. ana trimming moment pl0ttea against speed for various ._ an- 
gles of trim. The characteristi&s of the form at the -op-‘- 
timum angles of trim-are given- in nondimensional form as 
curves of resistance doefficient, best trim-angle, -ac.d 
trimming-moment coefficient plotted against SpeOa coeffi--- 
tie-2-b. - - 

As compared aith the original form, model 11-G is 
shown to have higher resistance at all loads and speeds - 
and higher maximum trimming moment8 at heavy loads. The . 
spray pattern, however, is generally more favorable, indi- 
cating that the service performance of model 11-A would 
be improved by some form of chine flare. 

IDTRODUCTIOX 

The X.A.C.A., model 11-A flying-boat hull is a type 
sinilar to that found in several U. S. Navy patrol and----- 
bombing seaplanes. Tank tests of this model (reference 1) 
have shown that a longitudinally straight planing bottom 
having straight V sections combined with a short pointed 
afterbody gives desirable smooth-mater resistance and 
trimning-moment characteristics. 

It was suggested by Captain 2. C. Richardson, U.s.9~~ 
Retired, that the service performance of model 11-A nould 
be improved by modifying the sections of the planing bot- 
tom to include a horizontal chine flare. A forebody em- - 
bodying this suggestion was designed and built and was 
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combined with the original model 11-A afterbody to form 
X.A.C.A. model 11-G. The' combination was tested in the 
17,B.C.A. tank in August 1934. 

DESCRIPTIOB OF XODEL 

The lines of model 11-G Are shown in figure 1. The 
keel and chine lines are identfcal with those of model 
11-A; the sections from station l-1/2 to station 10 are 
modified as shown in the detail of figure 1. The straight 
portion of each section in this region is determined from 
the "false chine" farred approximately as suggested by 
Captain Richardson and gives a small change in angle of 
dead rise over the planing bottom. The radius and tan- 
gency of the flare at each station follow from the condi- 
tion that the flare is horizontal at the real chine. The 
radjlus of'the flare therefore increases from zero at sta- 
tion l-112 to a maximum value at station 5 and docreases 
again to zero at the step. The sections forWard of the 
flared region are made slightly fuller than those of 11-A 
to maintain fair buttocks and mater lines throughout. 

Faired offsets of the resulting form are given in ta- 
ble ,i, These offsets were fo,llomed closely in the shap- 
ing of the model used for the tests. Following the usual 
practice at the N.A.C.A. tank, this model was constructed 
of mahogany and smoothly finished with gr.ag-pigmented var- 
nish. . 

APPARATUS ADD PROCEDU,RR 

The X.A.C.A. tank and its methods of operation are 
described in reference 2. The model suspension used in 
testing model 11-G is shown in reference 3, The'device t0 

obtain trimming moments consists of a stiff calibrated 
spring, one end of which is attached rigidly to the SUS- 

pension frame and the other to the model. Trimmeng mo- 
ments acting on the model cause it to rotate slightly 
mithfn the allowable deviatfon of trim angle (H.1'). The 
deflection of the spring is read on a dial gage and th.8 
moment determined from a calibration curve. 

The model was tested by the 'rgenerallf method described 
in -reference 2 in which resistance, trimming moment, and 

I 
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draft are recorded for predetermined loads and trim angles 
at a succession of constant speeds. The range of loadings 
investfgated was the same as that used in the tests of mod- 
el 11-A. The original test schedule was shortened, how- 
ever, to include only the 'regions near the hump speed, 
where resistance and moment reach a maximum, and at plan- 
ing speeds from speed coeffictents of 4.5 to 7.0. Suffi- 
cient angles of trim were included to dstermine the mini- 
mum resistance at each speed and load. 

RESULTS AND DISCUSSIDB 

Test Data 

The resistance and trimming moments obtafned from the 
test of model 11-G are plotted against speed for various 
trim angles in figures 2 to 7. The resfStanC8 plotted is 
the water resfstance plus the air drag of the above-water 
portion of t?te mqdel. The trimming moments are referred 
to the center of moments shown in ffgure 1, tail-heavy 
moments being considered positive. The angle of trim 7 -. 
is the inclination of the model base lfnk to the horieon- 
tal. 

The curves show the usual trends for this type of 
hull. A hump appears in the constant-load curves at ap- 
proximately 16 feet per second, a speed, ,corresponding to ._ 
the hump, or critical, speed in the take-off. Tiiis hump 
disappears at light loadings. The maxfmum positfve trim- 
ming moments occur also near this speed. At high speeds 
the moments referred to practical center-of-gravity posi- 
tions are small. 

Best Angle Data 

Then comparing the performance'of various hulls by 
the data from general tan% tests, it is &e-sirable to elim- 
inate the variable of trim angle since the ValU8 of this 
angle is measured from a purely ar3ftrary base line for 
eacl hull. This variable is eliminated by deternining 
the resistance and trinming moment at the 38st angle of 
trim for a number of loads and speeds throughout the range 
investfgated, from whfch the optimum p8rformanc.e of the 
form and the control moments -necessary to obtafn it are 
found. 
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In order to obtain the characteristics of-model 11-G 
at the best trim, the resistance and trimming moment were 
cross-plotted against trim angle, with load as a params- 
ter, at various selected speeds, At each speed and load, 
the minimum resistance, best trim angle, and the moment 
existing were determined from the cross plots and con- 
vortec to.nondimensional coefficients, based on Proudels 
law of model similitude and using the maximum beam of the 
Lull as the characteristic dimension, The coefficients 
are defined as follows: 

Speed coefficient, Cp --- = Jva 
Resistance coefficient, CR = 

Load coefficient, CA 
A =- 

Wb3 

Trimming-moment coefficient, Cu = .._M 
n3* 

V is speed, f.p.8. 

R, resistance, lb. 

A, load, lb. 

K, trimming-moment, l%.-ft, 

3, maximum beam of hull, ft. 

g, acceleration of gravity, 32;2 ft. per sec.' 

w, specific weight of water, lb. per cu.ft. 
(63.5 lb. per cu.ft. during the test). 

Any consistent units other than those indicated nay* 
of course, b8 employed. 

The resistance coefficient CR at best trim angle, 
the best trim angle 70 ’ and t3e trimming-moment coeffi- 
cient Cx at best trim angle obtained from the cross 
plots are plotted against speed coefficient CV, in fig- 

, 

. 
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ures 8, 9, and 10, respectively. These curves give the 
performance of model 11-G under optimum conditions and, 
neglecting scale effects, apply to any size of hull. _.-. 

. . 
Compariso'n with Model 11-A 

Check tests of model 11-A in April 1934 using the same 
gear as that used for testing model 11-G showed a general 
increase in resistance over that obtained in April 1933 
with the gate-type towing gear (reference 3). The change 
in the model suspension and a possi3le change in the sur- 
face of the model. are partial explanations of, the differ-) 
eslces noted. It is believed, therefore, that the check 
test affords the.better comparison of resistance with the 
modified form although the'qualitative result will be the 
same in either case. A comparison of the characteristics 
of the original and the modified form is made by typical 
cross plots of the best trim-angle data against load coefr 
ficient in figures 11 and.12, 

Zesistancs - - .--------* I?i.gure 11 shows the comparative values 
of load-resititancs ra.tio at the hump speed a7nd at vari- 
ous speed coefficients in the planing region= The values 
for model 11-G are lower than those of model 11-A, the 
modified sections of the former model having a generally 
adverse effect on resistance. 

- 
. . 

Trimming moment.- .--_ ---_ Figure 12 shows typical (24 values 
for each form at the best angle of trim. Those given for 
model 11-A have been referred to the center of moments 
used for model 11-G. The maximum posfitive GE values for 
model 11-G are greater than those for model 11-8, particu- 
larly at heavy loadings; otherwise the differences in mo- 
ment characteristics are small. 

Best angle.- $ig~r8 12 shows the differences in the 
angle for minimum resistantis. The values for model 11-G 
are agproximataly lo lower than those for model ll-A.near 
the hump speed. The differences at higher speed co.effi- 
cients are negligible. . 

SDraY pattern.- --.-- Figures 13 and 14 provide a compari- 
son of the spray thro-sn from the two forms,* At loi spe0ds. 
the chine flare of model 11-G results in a general reduc- 
tion in the Leight and v0>~m8 of the alisters coming from 
the forebody, as may be seen from figure 13 and the first 
four frames of figure 14. The reduct%on exists for both 
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light and heavy loadings. The last two views of figure 
l.4$ however, indicate that model 11-G is dirtier at high 
speeds, the spray entering the region in which the tail 
surfaces would probably be located. 27ear get-away speeds, 
a hull having constant dead rise and a constant-radius 
flare near the step should plane cleaner-and have a more 
favorable A/R ratio than either model 11-A or model 
11-G. 

Tests of other hull forms having a chine flare near 
the step have shown that this feature does not necossari- 
ly have the adverse effect on resistance encountered with 
model 11-G. It is believed, then, that some means of sup- 
pressing the large amount of spray inherent in a heavily 
loaded V bottom with high dead-rise angle would improve 
the general behavior of model 11-A in service- 

COZELUSI'ONS 

The characteristics of model 11-G at best trim an- 
gles compare, with those of model 11-A from which it Baa 
dorivcd as follows: 

1. The resistance was greater throughout the speed 
range. 

2, At heavy loadings, the maximum positive water mo- 
ment was greater, 

3. At the hump speed, the trim angle for minimum 
resistance was slightly lens. 

4. At low speeds, the height and volume of spray 
were lower; at high speeds, the spray in the neighborhood 
of the tail surfaoes was greater. 

5. A chine flare that has no adverse effect on re- 
sistance would Improve the suitability of the 11-A form 
3.2 servic0* 

Langley 14emoria,l Aeronautical LAboratory,. 
Xational Advisory Commi,ttee for Aeronautics, 

Langley Field, Va., April 8, 1935. 
. 

. 
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Parameter = load, lb. 
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Figure 2.-Resistance and trinrming moment. Trim angle, T = 2O. 
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Figure 3.~Resistance and trimming moment. 7 = 3'. 
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Parameter = load, lb. 
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Figure 4.-Resistance ad trimming moment. Trim angle, T = 5'. 
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Figure 5.~Resistance and trImming moment. Trim angle, r = 7O. 
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Fig. 6 
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Figure 6.-Resistance and trimming moment. Tram angle, I = 9'. 
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Parameter = load, lb. 
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Pigure 7.-Resistance and trimming moment. Trim angle, ~=ll*. 
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Model 11-G -------Model 11-A 

Fig. 11 
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Figure Il.-Effect of nodification OTL load-resistance ratio. t 
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Model 11-G -------Model 11-A 

0 .l .2 .3 .4 .5 
Load coefficient, CA 

Figure 12.-Effect of modification on trimming-znoment 
coefficient a.nd beet trim angle. 
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Model 11Q Model 11A 

12.0 f.p.8,‘ T= 70 A=100 lb. 12.6 f.p.s. T= 76 A= 100 lb. 

20.6 f.p.8. T= 70 A= 100 lb. 20.8 f.p.a. 7=w A=100 lb. 

Bigllre 13,. Effect of modification on spray pattern. 
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12.2 f.p.s. T= 9' 
.- 

A=100 lb. 12.3 f;p.a;-T= 9' A= 100 lb. 

14.2 f.p.s. T- go A= 40 lb. 14.7 f.p.r. T= 90 A- 40 lb. 

44.3 f.p.O. I= 5O A= 40 lb. 45.3 f.p.s. T= 50 40 lb. 

rigure 14.r Effect 0f wsfidion on spray pattern. 


